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In this thesis, the nanoscale layer engineering approaches, including the effect 
of NiP seedlayer on grain size and grain size distribution and the interface effect of 
CoCrPt/Ti thin films, were addressed. Furthermore, the long-range order (LRO) 
relationships between a CoCrPt magnetic layer and a Ti underlayer were investigated 
by using x-ray scattering. The short-range order (SRO), of Co, Cr, and Pt in CoCrPt 
films was studied by extended x-ray absorption fine structures (EXAFS). The phase 
miscibility of Co, Cr and Pt in crystalline CoCrPt (002) was analyzed by anomalous 
x-ray scattering (AXS). 
In order to achieve small and uniform grains and modify magnetic properties 
of CoCrPt films for high areal density magnetic recording, the effects of NiP 
seedlayer on the microstructure and magnetic properties of CoCrPt/Ti film were 
investigated. NiP was effective in reducing the grain size and improving the size 
distribution of the grains by enhancing the grain isolation of the layers deposited on 
top of it. A thin layer of NiP also improved the magnetic properties. 
The structure and interface of CoCrPt/Ti films were studied using x-ray 
scattering and transmission electron microscopy (TEM). At higher sputtering 
pressure, the lower kinetic energy of ions reduced their mobility and ability to mix 
with Ti, thus resulting in deposits on a well defined, abrupt interface. The roughness 
of the Ti surface promoted the growth of a more distinct columnar structure with 
small grain size and better isolation. The distinct columnar structure, with small and 




magnetic grains. The reduced exchange coupling contributed to the higher out-of-
plane coercivity.   It was concluded that the improved out-of-plane coercivity and 
squareness resulted from the combined effects of higher crystallinity and better 
texture of the CoCrPt (002) film, and increased interface roughness. 
The LRO and SRO and phase miscibility of CoCrPt/Ti films were 
investigated with synchrotron x-ray scattering, EXAFS and AXS. The crystallinity 
and texture of the CoCrPt magnetic layer followed the crystallinity and texture of the 
Ti underlayer that could be optimized. Improved magnetic properties resulted from 
the higher crystallinity and better texture of the CoCrPt (002), which was enhanced 
by the increased disorder of Cr and Pt at the grain boundaries. It was found that Cr 
and Pt were fully separated from the Co phase at the grain boundaries independent of 
the Ti underlayer. Direct evidence of Pt not being found within the Co lattice was 
given. 
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Chapter I  
Introduction 
 
The magnetic disk drive that featured a total storage capability of 5 MB at a 
recording density of 2 Kbit in-2 was invented at IBM in 1956. Since then, the areal 
density for information storage on magnetic media, especially hard disk memory, has 
increased more than 20 million-fold in modern disk drives. This was evident in two 
recent lab demonstrations of recording densities beyond 100 Gbit in-2.1 The high-
speed progress of magnetic recording was associated with the rapid development of 
the magnetic thin media films. The continuing increase of recording density requires 
small and isolated grains to provide enough signal-to-noise ratio (SNR) at high areal 
density, which is limited by the thermal effect in longitudinal media. Compared to the 
longitudinal media, perpendicular media with high anisotropy have higher thermal 
stability, resulting in 2-9 times greater areal density.2 Note that CoCr-based granular 
thin film was used in the first implementation of the perpendicular recording 
system.3,4 
The correlations between structural and magnetic properties of magnetic thin 
films fall within the domain of materials science. A better basic understanding of 
magnetic thin films, such as the degree of alloying and phase separation of these 
films, may provide a future guide for new materials development. The work 
presented in this thesis was a study of the long-range order and short-range order, and 
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phase miscibility of CoCrPt/Ti thin films. In this chapter, we shall review the media 
requirements for high areal density magnetic recording, general properties of 
perpendicular CoCrPt thin films, and research aspects and objectives of this study. At 
the end of this chapter, the outline of the thesis is given. 
 
1.1 Media requirements for high areal density magnetic 
recording 
 
1.1.1 Signal to noise ratio 
To achieve high areal density magnetic recording, it is necessary to use a 
magnetic recording configuration capable of writing the signal to a bit and a signal 
processing system capable of recovering data reliably. Therefore the ratio of single-
pulse peak over integrated transition noise power,5 defined as SNR, is an important 
figure of merit in magnetic recording. The higher the SNR, the easier the data can be 
detected. Magnetic recording media are required to provide a high SNR and remain 
thermally stable over a long period of time in high areal density magnetic recording.6 
For media films, the SNR is proportional to the read track-width and the square of the 
bit length.5 In high-density magnetic recording, small7 and uniform8 grains are 
demanded to achieve a high SNR. 
The SNR, by grain-counting argument,7 is approximated by the number of 
magnetic grains (or switching units) per bit: 
gV
BVSNR ∝                           (1-1) 
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where    
BV: bit volume 
Vg: the grain volume  
Equation 1-1 indicates clearly that the larger the number of grains in a bit, the higher 
the SNR can be achieved.  Therefore, a small grain size is required in order to 
maintain the number of grains per bit in high areal density magnetic recording media 
films. 
In addition, the SNR does not only depend on the average grain size D, but 
also the width of grain size distribution σ.8 Decreasing σ increases SNR. If grains are 
not uniform, the big magnetic grain may cause large zigzag regions between two 
recording bits, and result in a strong interaction between the magnetic grains.  As a 



















              (1-2) 
 
1.1.2 Thermal stability 
The decreasing grain size could result in thermal instability of the recording 
media. In order for the magnetization in a recording medium to be stable over a long 
period of time, the energy barrier KuV must be much larger than the thermal energy 
kBT, where Ku, V, kB, T are anisotropy constant, magnetic switching volume, 
Boltzmann constant, and absolute temperature, respectively. The relaxation time τ is 
an exponential function of the grain volume.9 










uexp10 9τ                          (1-3) 
For the recording information that will be stable for several years (for 
example, 7.5 years is used as a conventional benchmark), it requires that 
TkVK Bu 40> .10  The volume V of a magnetic grain typically decreases with 
increasing areal density due to the reason discussed before; hence higher Ku materials 
are needed to maintain sufficient stability. Note that the grain size cannot be infinitely 
decreased because thermal instability will eventually set in below a critical grain size. 
As a result, the limitation of magnetic recording is determined by the decay of SNR 
due to thermally induced magnetization fluctuation. 
 
1.1.3 Consideration of perpendicular magnetic recording 
For media materials, it is proposed that rather thick media films can be used 
for perpendicular media, contrary to the requirements of the longitudinal media.6 As a 
consequence, perpendicular media films with small grain size and larger thickness 
could be applied within the thermal stability limitation, resulting in high areal density 
in perpendicular recording media films.  
Perpendicular magnetic recording could realize ultra-high areal density 
recording. Simulation works pointed out that the areal density of perpendicular 
recording media can be extended to above 1000 Gbit in-2.11  The advantages of 
perpendicular recording are summarized as follows: 
• Transitions formed in perpendicular recording are more stable and sharper 
than that in longitudinal recording and media with high anisotropy constant 
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can be used in perpendicular recording, indicating the ability of higher 
recording density for perpendicular recording.  
• If a recording system with a single pole recording head system is applied, the 
strength of the magnetic writing field acting on the media to record signals is 
about twice that of longitudinal recording, thus favoring higher recording 
density for perpendicular recording.12 
• The track edge is very sharp in perpendicular recording while there exists a 
wide erase band in longitudinal recording caused by the side effect of the ring 
type recording head. The sharp track edge with perpendicular recording 
allows for a high track density or high recording density.13  
In summary, as illustrated in Figure 1.1, the future media requirements for high 
areal density magnetic recording could be the perpendicular magnetic recording 
















Media requirements for 
high-density recording 
High SNR Thermal stability
SNR∝ BV/Vg   
BV: bit volume 
Vg : the grain volume  
τ =10-9 exp(KuV/kBT) 
KuV: the energy barrier  






D: average grain size  
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1.2 General properties of perpendicular CoCrPt thin films 
 
The hexagonal close-packed (hcp) CoCr-based media films were first 
proposed for perpendicular magnetic recording by S. Iwasaki in 1978.14 The general 
properties of perpendicular CoCrPt thin films are discussed below.  
 
1.2.1   High magnetocrystalline anisotropy (Ku) 
One reason that CoCr was first proposed for perpendicular recording was that 
Co has a large magnetocrystalline uniaxial anisotropy ( 6105.4 × erg/cm3);15 hence it 
can be used to develop the perpendicular media films. 14 
 
1.2.2   Effects of Cr on the saturation magnetization (Ms) of CoCr 
The most crucial criterion for perpendicular recording films is that the 
anisotropy field Hk (the effective magnetic field that tends to align the magnetization 
to be parallel to the easy axis) of the film must surpass the maximum demagnetizing 
field 4πMs (caused by the recorded magnetization itself). It is therefore necessary to 
add other materials to reduce Ms. According to the literature, CoCr alloys have a 
relatively stable hcp phase at a low Cr content at room temperature and, at the same 
time, the saturation magnetization is expected to decrease when a small amount of Cr 
is added (Fig. 1.2). 
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1.2.3 Effects of Cr and Co phase segregation  
The exchange coupling reflects the degree of grain interaction between the 
adjacent crystalline grains in the films. Small grains result in strong exchange 
coupling because the distance between neighboring grains is short. In CoCr-based 
perpendicular magnetic thin films, a simulation study showed that the reduced 
coercivity (Hc/Hk) almost linearly decreased with increasing exchange coupling.16 It 
is challenging to decrease exchange coupling at high-density recording media with 
small grains. The compositional inhomogeneities in CoCr-based media are 
responsible for many of the desirable recording characteristics. The regions between 
Figure 1.2. Ms vs. Cr content for CoCr film.  (Adapted from S. 
Iwasaki and K. Ouchi, 1978, Ref. 14). 
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magnetic crystalline grains are believed to affect strongly the exchange coupling 
between magnetic grains. In Co-Cr alloys, phase segregation formed the Co-rich 
magnetic core and Cr-rich non-magnetic grain boundary to decrease the exchange 
coupling between magnetic grains.17 As a result, a magnetically isolated grain (Fig. 
1.3) could act as a single grain particle, increasing the signal to noise ratio17 and 
coercivity.16 







1.2.4 Effects of Pt on coercivity (Hc) 
The perpendicular coercivity of the thin film is the reversal magnetic field at 
zero perpendicular mean magnetization.  The mean interaction field is zero at the 
coercive state. Generally speaking, high coercivity is derived from high magnetic 
anisotropy. For an isolated single domain particle, the coercivity based on the Stoner-






NNHH −+=              (1-4) 
where aN  and bN are demagnetization factors along the crystalline easy and hard 
axes, respectively. Pt has been shown to increase the coercivity of CoCr film,19 thus 
Co rich grain 
Cr rich grain boundary 
Figure 1.3. A schematic diagram of Co rich grain and Cr rich grain boundary.  
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improving thermal stability (Eq.1-4).  The increase of average grain size20 and 
increase of local disorders of Co21due to the addition of Pt were suggested for the 
increase of coercivity. 
To summarize, the above properties show that the hcp CoCrPt thin films are a 
promising media candidate for perpendicular magnetic recording.    
 
1.3 Research Aspects and objectives 
  
1.3.1 Research Aspects 
Summarizing the previous sections, the future media requirements for high 
areal density magnetic recording are perpendicular magnetic recording media with 
high anisotropy constant and small, uniform, and isolated grains. The hcp CoCrPt 
media films are promising perpendicular magnetic recording media. The structure of 
CoCrPt media film (Fig. 1.4) was investigated in this study.  
 In order to satisfy the requirements of high areal density recording, the desired 
structural and magnetic properties are obtained by a designed layered-structure.22 
Each layer plays multiple roles.  For instance, the seedlayer serves as a buffer 
between the glass substrate and the underlayer.23 The underlayer is to provide a 
texture for the magnetic layer by controlling the preferred crystallographic 
orientation. The intermediate layer is to relieve the lattice mismatch between the 
magnetic layer and the underlayer,24 and the antiferromagnetically coupled interlayer 
is to further modify magnetic properties by antiferromagnetically coupling the top 
with the bottom magnetic layers.25 It was reported that the structural and magnetic 
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properties were significantly improved by inserting additional a seedlayer,23 
intermediate layer24 or antiferromagnetically coupled interlayer.25 In this thesis the 
CoCrPt magnetic layer with a Ti underlayer and a NiP seedlayer system (Fig. 1.4) 













The substrate requirement of media storage is first discussed.  There are three 
ways to increase storage capacity per unit volume of disk drives: increase the track 
density, the linear density, and the number of disks per unit height.  Miniaturization 
of computer and peripherals requires the use of a thinner disk in order to make the 
drive more compact. This also enables the drive makers to stack more disks within a 
specific form factor, thus increasing the storage capacity per unit volume of the drive.  





Figure 1.4. Structure of the CoCrPt/Ti/NiP media films. 
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 The options of substrates for hard disk are either Al-Mg or glass. The Al-Mg 
substrates have been used for thin film media; however, a thick (10 µm) amorphous 
NiP layer is required to be plated onto the substrate to allow easy polishing and 
provide a hard surface resistant to mechanical damage.26 The use of glass substrates 
as an alterative to Al-Mg began in magnetic disk storage products around 1994 for 
notebook computer applications.26 The advantages of the application of thin glass 
substrates include improving the shock resistance and the realization of more 
compact disks. Thus, glass substrates were applied in this study. 
 
1.3.1.1 Research Aspect-1: NiP seedlayer 
As discussed before, decreasing the grain size and enhancing grain size 
uniformity may achieve a high SNR.  
The amorphous NiP seedlayer has been used to isolate magnetic grain27,28,29 
and decrease grain size30 in longitudinal recording media films.  Yamashita et 
al.27sputtered an amorphous NiP layer on conventional NiP/Al-Mg substrates. The 
amorphous NiP had a granular structure consisting of well-isolated grains with 
uniform size. This resulted in a higher coercivity due to a larger intergranular 
separation that led to a smaller exchange coupling. Tsai et al.28 also reported that the 
addition of a NiP seedlayer enhanced the SNR regardless of the type of substrate 
used. Ranjan et al.29 investigated and compared the media with a Cr underlayer and a 
NiP underlayer using TEM and media noise measurements. It was found that the 
media films with a NiP underlayer exhibited lower media noise than that with a Cr 
underlayer. The TEM micrograph also showed the small and isolated grains in the 
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media film with a NiP underlayer. Recently, Wang et al.30,31 found that the 
amorphous NiP underlayer and seedlayer in a CoCrPtTa thin film media reduced the 
magnetic grain size in a study using atomic force microscopy (AFM) (Fig. 1.5).30 The 
uniformity of grain size and grain isolation in a magnetic layer were also improved by 
adding amorphous NiP as the sub-seed layer in CoCrPtTa thin film media.31 The 
TEM and scanning transmission electron microscopy (STEM) results indicated that 
the small, isolated NiP grains were distributed uniformly, providing the grain 
isolation of the subsequently deposited layers. Furthermore, the amorphous NiP 
seedlayer was theoretically and experimentally demonstrated to control 
crystallographic texture and grain size of the underlayer by changing the roughness of 








Figure 1.5. AFM images of CoCrPtTa/Cr/NiP and CoCrPtTa/Cr showing the 
surface topography. (Adapted from Y.H. Lee, 2000, Ref. 30). 
(a) CoCrPtTa/Cr/NiP (b) CoCrPtTa/Cr 
0 1µm       0 1µm    
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To date, all studies regarding the effects of NiP seedlayers have been limited 
to longitudinal recording media. In the CoCrPt/Ti perpendicular media system, only 
an amorphous CoZr seedlayer has been reported to decrease Ti thickness and enhance 
magnetic properties.33 In order to achieve high-density recording (Fig. 1.1), NiP as a 
seedlayer of CoCrPt/Ti perpendicular recording film was investigated as Research 
Aspect-1 (Fig. 1.6). NiP could decrease the grain size and enhance the uniformity of 












The Research Aspect-1 of this thesis was to study the effects of NiP seedlayer 
on the microstructure and magnetic properties of the CoCrPt/Ti perpendicular films. 
The objective was to develop small, uniform and isolated CoCrPt grains by inserting 






Figure 1.6. Research Aspect-1: NiP seedlayer.  
Research Aspect-1: 
NiP seedlayer 
















1.3.1.2 Research Aspect-2: Ti underlayer 















Objective-1: To develop small, uniform and isolated CoCrPt grains
Layer engineering 
Functions of seedlayer: Induce 
small, uniform and isolated grains 
Development of NiP seedlayer on 
longitudinal media films
Development of layer engineering 
on perpendicular media films
Research Aspect-1: Effects of NiP seedlayer on CoCrPt/Ti 
perpendicular thin films 
Figure 1.7. Road map of Research Aspect –1. 
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In 1978, Iwasaki and Ouchi reported that sputtered CoCr films exhibited a hcp 
perpendicularly oriented columnar structure.14 A thick CoCr film had a c-axis 
perpendicularly well oriented with a Cr micro-segregated structure, exhibiting a high 
perpendicular anisotropy even on an amorphous glass substrate. However, there 
usually appeared the initial growth layer with a much less oriented structure and a 
very low coercivity. In order to form an ideal media structure, a suitable underlayer is 
necessary to induce the c-axis to be parallel to the surface normal. 
A NiFe film of face center cubic (fcc) (111) orientation has been well known 
to show a small mismatch of lattice with the c-axis of the hcp CoCr films and induces 
hetero-epitaxy of CoCr system films.34 In this case, the crystallite size in the 
recording layer became very large due to the hetero-epitaxy on NiFe film of a large 
grain size, resulting in the degradation of the SNR.  It is desirable to develop a sub 
layer (including underlayer and seedlayer) to induce good c-axis alignment on the 
surface normal and small grain size. 
 Ti underlayer is a successful material for promoting Co (002) and magnetic 
properties in CoCr type.33 At room temperature, both Ti and Co have hcp structure. 
The lattice constants and the mismatch are listed in Table 1.1. The epitaxy 
relationship between CoCrPt(0001)[1,0,-1,0]//Ti(0001)[1,0,-1,0] has been 
demonstrated,35 where an Ag layer was sputtered before Ti deposition on a Si (111) 
substrate.   A schematic diagram of the lattice planes of Ag (111), Ti (0001), and Co 
(0001) and their lattice parameters, as well as the designed structure of the thin films, 
are shown in Figure 1.9.35 Their results (Fig. 1.10) indicated the above epitaxy 
relationship. The function of a Ti underlayer is to transfer a high CoCrPt (002) 
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texture from Ti (002) via epitaxial growth.  Increase of coercivity was related to the 
increasing Ti texture with increasing Ti thickness. 33,36 
 

















Ti hcp 2.9503 4.6831 Room 
temperature  




















Table 1.1. Lattice parameters of Co and Ti. 
2.50 Å Co 
Ti 
3.84 Å Si 
2.95 Å 













Figure 1.9. (a) A schematic diagram of the lattice planes of Si (111), Ag (111), Ti 
(0001), and Co (0001) viewed from Si and [111], and Co and Ti [0001] directions, 
every corner and center of the hexagonal lattice represent a given atom; (b) The 
designed structure of the thin films. (Adapted from H. Gong, 1999, Ref. 35). 
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LRO is used to describe a crystalline solid with a well-defined periodic lattice. 
In CoCrPt recording thin films, the perpendicular magnetic anisotropy mainly results 
from the magnetocrystalline anisotropy, which is related to the LRO of the films. 
Despite the many correlations of engineering parameters (such as thickness, size and 
composition) with the magnetic properties, the fundamental correlation of LRO of the 
Ti underlayer and their effects on magnetic properties in the CoCrPt/Ti system are 
not yet well understood. In order to clarify the structural evolutions of the Ti 
underlayer and the CoCrPt magnetic layer, and to understand their relationship with 
magnetic properties, the effects of the LRO of Ti on the LRO of CoCrPt films were 
studied as Research Aspect-2 (Fig. 1-11).  
Figure 1.10. Scan spectra of x-ray pole figures. (a) {110} poles for single crystal 
Si (111); (b) {110} poles for Ag (111); (c) {1,0, -1,1} poles for Ti (0002); and (d) 
{1,0, -1,1} poles for CoCrPt (0002) (Adapted from H. Gong, 1999, Ref. 35). 
















The objective of this aspect was to improve the magnetic properties of CoCrPt 
films by improving their LRO. Research Aspect-2 is summarized in Figure 1.11. 
 
 
1.3.1.3 Research Aspect-3: Ti and CoCrPt interface  
Research Aspect-3 of this thesis was the interface between CoCrPt and Ti 
(Fig. 1.12). The following two  parts are discussed: thin film growth kinetics and 
interface roughness; CoCrPt and Ti interface. 
 
 
Research Aspect-2: Effects of LRO of Ti underlayer on the LRO of 
CoCrPt magnetic layer 
Structural properties (LRO) 
Coercivity 
Magnetic properties 
Squareness Crystallinity Mosaic distribution 
Relationship between LRO of Ti underlayer and CoCrPt magnetic layer 
Objective-2: To improve magnetic properties of CoCrPt films 
Figure 1.11. Road map of Research Aspect–2. 











A: Thin films growth kinetics and interface roughness 
 It was reported that changing the incident energy of sputtered particles caused 
by different Ar sputtering gas pressure could vary the interface roughness.37  
 The role of the gas pressure in moderating the film growth process can be 
understood in terms of the energy deposited on the growth surface by adatoms and Ar 
neutrals.38 The atoms sputtered from the target, and the ions reflected and neutralized 
at the target, traverse the space between the target and substrate, collide with Ar 
atoms and finally impact the surface of substrate. The energy of the atoms arriving at 
the substrate surface will depend on the sputtering gas pressure, and affect the 
mobility of the atoms on the surface. These in turn affect the nucleation and growth 
of the film. 
 At higher Ar sputtering gas pressure, scattering of the sputtered atoms with 
the sputtering gas has two important outcomes on the deposited atoms: (i) the oblique 
velocity component of the impinging atoms increases, and (ii) the average kinetic 





Figure 1.12 Research Aspect-3: CoCrPt & Ti interface.   
Research Aspect-3: 
CoCrPt & Ti interface
Chapter I Introduction 
 
 20
films. Both effects contribute to the formation of dome-shaped columns in the film 
growth. On a rough surface, the valleys or low points on the surface will have a 
limited angle of acceptance for deposited atoms. As the oblique angle of the 
deposited atoms increases, the percentage of atoms within the acceptance angle 
decreases and preferred deposition occurs at the elevations of the surface. The 
deposited atoms are unable to diffuse to the low points on the surface as a result of 
the low surface mobility (low kinetic energy) at high sputtering pressure. If the 
growth continues, the domes at higher points grow, and the valleys relatively become 
deeper thus forming well-defined grains boundaries. 
 At lower sputtering pressures, the energy of the arriving sputtered atoms 
increases. The increase of kinetic energy increases the surface mobility of the 
deposited atoms and leads to displacements of atoms on the growth surface. This is 
sufficient to cause several atomic jumps resulting in significant atomic rearrangement 
of the deposit. As a result, the interface between sputtered layer and preceding layer 
(or substrate) can be smoothened and the columnar growth can be suppressed.  
 To sum up, the mobility of sputtered atoms on the surface follows the atom 
energy that depends on the Ar pressure applied.  The atom mobility affects the 
interface roughness and thin film growth. 
 
B: CoCrPt and Ti interface 
CoCrPt films have been investigated extensively for potential application as 
perpendicular magnetic recording media. The magnetic properties are influenced by 
alloy compositions, grain size, texture and magnetic isolation of the magnetic grains. 
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The grain size and texture of the magnetic layer are interfacially controlled by the 
underlayer.  Ti has been used as an underlayer in CoCr media. However, the interface 
roughness between the Ti underlayer and the CoCrPt magnetic layer and their effects 




















High Co (002) crystallinity  Well-defined grains  
Atom interface mobility 
High energy with less 
energy loss 
Low energy with more 
energy loss 
Low Ar pressure High Ar pressure




Research Aspect-3: Interface roughness 
Media requirements for 
high-density recording 
High SNR Thermal stability 
Objective-3: To understand the effect of interface on magnetic properties 
Figure 1.13.  Road map of Research Aspect–3. 
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As discussed above, the media requirement for high-density recording is 
perpendicular magnetic recording media with high anisotropy constant and small, 
uniform, and isolated grains. Interface roughness can be used to influence the thin 
film growth. High anisotropy constant demands the ordered CoCrPt structure with a 
smooth interface, whereas the isolated grains require the existence of a disordered 
CoCrPt structure associated with a rough interface. 
The thin film growth kinetics and its relationship with CoCrPt/Ti media are 
schematically shown in Figure 1.13. Research Aspect-3 of this thesis was to study the 
effects of interface roughness on magnetic properties by varying the sputtering gas 
pressure. The objective was to understand the effects of interface on magnetic 
properties. 
 
1.3.1.4 Research Aspect-4: CoCrPt magnetic layer    
Research Aspect-4 of this thesis was to study the alloying and phase 






Figure 1.14. Research Aspect-4: CoCrPt magnetic layer.    
Research Aspect-4: 
CoCrPt magnetic layer
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thesis. The following three parts will be discussed: limitation of investigating alloying 
and phase separation by conventional x-ray diffraction (XRD), special (beyond 
traditional method of XRD) methods for the study of alloying and phase separation in 
nanostructured materials, and the development of alloying and phase separation of 
CoCrPt films.  
 
A:  Limitation of the investigation of SRO and phase miscibility by conventional 
XRD. 
Structural characterization of solid solutions by conventional XRD has been 
well established. For materials with large grain size, the appearance of a single set of 
diffraction peaks and the disappearance of elemental peaks are commonly accepted as 
evidence of formation of a solid solution. In a random substitutional alloy, the 
dependence of lattice parameters of the single phase solid solution on compositions 
can be determined from XRD and followed using Vergard’s Law. However, in an 
inhomogeneous material, this single-peak information may provide the wrong 
information on phase identification.   
In the step model (Fig. 1.15),40 the XRD intensity was calculated on 
alternating textured layers (domains) of materials A and B, with na and nb being the 
number of atomic planes with interplanar spacing da and db of materials A and B, and 
an interface lattice spacing (da +db)/2. An average spacing is d0 defined as  
)/()(0 babbaa nndndnd ++=              (1-5) 
 
As illustrated in Figure 1.16, the XRD intensity was composed of the following  
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Figure 1.15. Step model of alternating blocks of atomic planes of materials A
and B, respectively (Adapted from C.  Michaelsen, 1995, Ref. 40). 
 
The terms of Ia and Ib correspond to the XRD patterned of isolated A and B layers, 
respectively. These peaks corresponded to the Bragg peaks of their bulk materials. 
These peaks are broad in the case of a small x-ray coherence length of about 4 nm for 
each layer. The mixed term Iab  generated a peak located at the average lattice of d0. 
This mixed term is negligible but becomes dominant when the layer thicknesses are 
reduced. 
The sum of these three terms, Ia+Ib+Iab, represents the XRD pattern of one of 
the a-b pairs. According to the Bragg condition, it gives rise to a peak located at the 
average lattice spacing d0.  However, there is no real lattice spacing with the value of 
d0.  This indicated that coherent inhomogeneities could only be detected on the 
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2  theta (arbitrary)
 
  
When the crystallite size of a material is reduced to below a critical length 
scale, a nanostructured solid solution therefore cannot be differentiated unequivocally 
from a nanocomposite using conventional XRD. In a nanocomposite where the two 
phases have close lattice parameters and x-ray structural coherence, the Bragg peak 
of one phase has some degree of overlap with that of the other phase. Because of the 
effect of size broadening and the contribution to diffraction amplitude by structural 
coherence of the two phases, a single peak will appear for a particular Bragg 
reflection when the size is below a certain limit. However, this single peak has an 
Figure 1.16. A schematic diagram of individual contributions of Eq. 1-6 
(Adapted from C.  Michaelsen, 1995, Ref. 40). 
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average lattice spacing that has no correspondence in real space, and can be easily 
mistaken as evidence of formation of a solid solution. 
As summarized in Figure 1.17, conventional XRD should not be used alone to 
study the structure of nanostructured alloys and composites made of structurally 
coherent and immiscible materials. Complementary measurements have to be 


















Figure 1.17. Conventional XRD and phase identification. 
To investigate alloying and phase separation 
Bulk materials with large 
coherence length 
Nanostructrured materials with 
small coherence length 
Conventional XRD 
Phase identification Limitation for phase identification 
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B: Special methods for the study of alloying and phase separation in 
nanostructured materials             
Alternatively, the phase separation and alloying at the nanoscale could be 
studied using synchrotron x-ray radiation techniques, namely, x-ray scattering, AXS 
and EAXFS. The LRO and local atomic environment of the materials and the 
elemental chemistry of a specific Bragg peak can be investigated using these 
techniques as shown in Table 1.2. For example, it has been shown that nanostructured 
NiCo films did not necessarily form a solid solution as expected from their phase 
diagram or suggested by the results of conventional XRD41 (Fig. 1.18 and Fig. 1.19). 
X-ray scattering showed both Ni50Co50 and Ni90Co10 films had a single (111) film 
peak. Anomalous x-ray scattering showed that Ni was associated with the (111) peak 
for both films. Although Co was found in the (111) peak for Ni50Co50 film, it did not 







Functions in this study 
XRD LRO Phase identification 
Mosaic distribution 
Reciprocal space mapping 
Lattice parameters determination 







Elemental chemistry, alloying or 
phase separation 
Table 1.2. Comparisons of different techniques for structural 
characterization. 
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(a) Ni K-edge (8.333 keV) 


























Figure 1.18.  (a) XRD powder scans of Ni50Co50. (b) XRD powder scans of 
Ni90Co10 (Adapted from G. M. Chow, 1999, Ref. 41). 
Figure1.19. (a) AXS results of Ni50Co50 and Ni90Co10, Ni K-absorption edge. (b) 
AXS results of Ni50Co50 and Ni90Co10, Co K-absorption edge (Adapted from G. 
M. Chow, 1999, Ref. 41). 
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C: Previous studies of alloying and phase separation of CoCrPt films   
The properties of nanostructured polycrystalline films depend on factors such 
as composition, microstructure and texture. The Co and Cr forms Co-rich hcp phase 
or Co-poor hcp phase, depending on Cr concentration (Fig. 1.20).42 It is recognized 
that the magnetic properties of sputtered magnetic Co-Cr based films, as longitudinal 
and perpendicular recording media, are controlled by the alloy composition and the 
degree of phase separation of Co and Cr, the alignment of the columnar structures, 
the degree of Cr segregation at grain boundaries and the mosaic of the texture.  In 
order to control the magnetocrystalline anisotropy, it is essential to achieve a proper 
crystallographic texture with Cr segregation at the grain boundaries. Compared with 
bulk materials, the degree of alloying and phase separation in nanostructures might be 
different due to the size and interface effects.41 
The segregation of Cr inhomogeneities in sputtered Co-based films has been 
explained as Cr segregation at grain boundaries,43 formation of Co3Cr,44 short-range 
order of Cr,45 formation of Cr oxide at grain boundaries,46 segregated microstructures 
and two-phase compositional separation. The phase separation occurred by surface 
diffusion or discontinuous precipitation via grain boundary diffusion.  The Cr 
segregation has also been investigated using TEM, x-ray microanalysis, 
thermomagnetic analysis, atom-probe field ion microscopy, nuclear magnetic 
resonance (NMR), and ultra-high vacuum scanning tunneling microscopy. Yet, these 
methods do not yield direct elemental correlation with the specific long-range order 
of interest. Further structural information of compositional segregation cannot be 
obtained using conventional XRD or TEM, since Co and Cr have close atomic 
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numbers and scattering factors. To date, the phase miscibility of Cr and Pt in CoCrPt 
films is still unknown, and little is known about the chemistry of the textured Bragg 







Research Aspect-4 of this thesis (Fig. 1.21) was to investigate the phase 
separation and alloying of CoCrPt film using synchrotron x-ray radiation techniques, 
including x-ray scattering, AXS, and EXAFS. The objective was to gain a 
fundamental understanding of alloying and phase separation of CoCrPt films. 
 
Figure 1.20. Metastable phase diagram of the Co-Cr system obtained when the 
sigma phase (σ) is not taken into account (full lines) and stable equilibrium 
phase diagram (dashed lines). Filled squares are from the sputtered film, 
hollow squares from the bulk alloy. A miscibility gap between Co-rich hcp
ferromagnetic phase (hcpf) and Co-poor hcp paramagnetic phase (hcpp) can be 
seen between 410 and 760 K (Adapted from A. Pundt and C. Michaelsen, 
1997, Ref. 42). 
 





























1.3.2 Objectives of this study  
The objectives of this study include two parts. 
 
A:  To obtain desired structural and magnetic properties of CoCrPt media film by 
nanoscale layer engineering approaches in order to satisfy the media requirements for 
high areal density magnetic recording. 
 
B:   To gain a fundamental understanding of alloying and phase separation of CoCrPt 
films and their correlations with magnetic properties by investigating the LRO, SRO 
and phase miscibility of CoCrPt /Ti thin films. 
 
Research Aspect-4: Alloying and phase separation of CoCrPt films
XRD EXAFS 
Phase miscibility LRO SRO 
Objective-4: Fundamental understanding of 
alloying and phase separation of CoCrPt films 
AXS 
Figure 1.21.  Road map of Research Aspect–4. 
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1.4 Outline of the thesis 
 
In this chapter, the media requirements for high areal density magnetic 
recording and general properties of perpendicular CoCrPt thin films have been 
reviewed, the research aspects and objectives have been discussed, and the outline of 
this study has been presented. 
Chapter II presents selected experimental techniques. An introduction to the 
fabrication technique of sputtering, and characterization techniques, such as x-ray 
scattering, AXS, EXAFS, vibrating sample magnetometer (VSM), and alternating 
gradient force magnetometer (AGFM), are given. 
Chapter III is devoted to the effects of NiP on grain size and grain size 
distribution.  A NiP seedlayer was found to have better grain isolation that led to the 
reduction of the inter-grain interactions. In addition, the general relationship between 
magnetic properties and the effects of grain size of magnetic layer were studied for 
the CoCrPt/Ti system.  
In Chapter IV, the interface of CoCrPt/Ti films is discussed.  
Chapter V presents the LRO, SRO, and phase miscibility of CoCrPt/Ti thin 
films. The Co and Cr phase segregations play a key role in the CoCr-based 
longitudinal and perpendicular recording media. However, the miscibility of Cr and 
Pt in the Co core area may not necessarily follow the prediction of conventional 
thermodynamics that does not consider the interfacial and surface effects. By 
employing the EXAFS and AXS, the LRO and SRO, and phase miscibility of 
CoCrPt/Ti were systemically investigated. 
Chapter I Introduction 
 
 33
In Chapter VI, conclusions are drawn based on the experiments and 
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Chapter II    
Experimental Techniques 
 
         In order to study magnetic and structural properties of CoCrPt/Ti thin films, 
the first step is to fabricate the materials.  Characterization of the CoCrPt/Ti thin 
films provides information about the long-range and short-range orders, and phase 
miscibility of CoCrPt film, and their correlation with magnetic properties. In this 
chapter, an overview is given on the selected experimental techniques used in this 
study, mainly focusing on sputtering and relevant characterization methods used to 




2.1.1 Introduction to sputtering 
        When the surface of a material is bombarded by high-energy positive ions, it 
is possible to cause the ejection of the surface atoms.47 This process is generally 
known as sputtering. The ejected atoms can condense on a substrate to form a film. 
Compared to other thin films fabrication techniques, sputtering has many advantages 
including a high deposition rate, the ability to produce insulating and metallic films, 
uniformity of film thickness, good adhesion to most surfaces, and maintaining the 
stoichiometry of the target composition.48 In this study, all CoCrPt/Ti films were 
deposited by sputtering.  
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2.1.2 Sputtering fundamentals 
        The sputtering process consists of the following six steps:48,49 (1) acceleration 
of ions and electrons in the applied electric field; (2) ionization of sputtering gas, 
normally an inert gas, such as argon; (3) acceleration of ions towards the target; (4) 
collision between the ions and the atoms in the target; (5) ejection of atoms from the 
target; (6) deposition of sputtered atoms onto the substrate. 
  In the sputtering process, as shown schematically in Figure 2.1, when an 
electric field is applied between two electrodes, electrons are accelerated in the field 
with high   momentum.  They  collide  with  neutral  atoms,  causing   ionization   and   
 
 


















Figure 2.1. A schematic diagram of sputter coating process.  
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the generation of ions and more electrons as they move towards the anode. These new 
electrons are also accelerated by the electric field so that the process is repeated. At 
the same time, the positively charged ions are accelerated in the opposite direction 
such that they bombard the cathode. The momentum of the incident ions is 
transferred to the atoms in the target material. If the energy of the bombarding ions is 
large enough, the atoms on the cathode target will be removed or sputtered. The 
sputtered target atoms will be deposited on the substrate surface. 
 
2.1.3 Magnetron sputtering 
The magnetron effect can be understood as a closed drift path of crossed 
electric and magnetic fields for electrons in a plasma discharge.48,49 An additional 
permanent magnet, providing a toroidal field to form a closed path of field lines on 
the cathode surface, is arranged on the back of magnetron cathodes (target). The 
variation in the mobilities of the ions and the electrons favors a positive ion sheath to 
be developed close to the target cathode, floating at a negative potential relative to the 
plasma. As a result of the applied field due to the ion sheath at the cathode, ions are 
extracted from the plasma and accelerated to strike the target, leading to the 
sputtering of the target material. The secondary electrons produced, upon entering the 
region of crossed electric (E) and magnetic (B) fields, are trapped in orbits that permit 
long travel distances close to the cathode. In the zones of efficient electron trapping, 
the maximum ionization probability is achieved due to the trapped electrons when the 
electron density reaches a critical level. This indicates that a higher rate of secondary 
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electron production by high-energy positive ions is not necessary for effective 
sputtering.  
Most magnetron sources operate in the pressure range from 1 to 20 mTorr and 
a cathode potential of 300-700 V. The sputtering rates mainly depend on the ion 
current density at the target, and the deposition rates are influenced by factors 
including applied power, source-substrate distance, target material, pressure, and 
sputtering gas composition.   
 
2.2 X-ray scattering 
 
2.2.1 The Bragg Law  
The simplest and most useful description of crystal diffraction was the Bragg 
Law (Eq. 2-1).50  Strong diffraction occurs when all the wavelets add up in phase. By 
considering an entire crystal plane as the scattering entity instead of each individual 
electron, it can be seen from Figure 2.2 the strongest diffraction results when  










Figure 2.2   Diffraction of x-ray by a crystal. 
θ 
θ 
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where n is the integer representing the order of diffraction, λ is the wavelength, d the 
interplanar spacing of the reflecting (diffracting) plane and θ the angle of the 
incidence and of the diffraction of the radiation relative to the reflecting plane.   
 
2.2.2 Reciprocal space geometry 
       The most useful means to understand the occurrence of diffraction spots is the 
Ewald construction (Fig. 2.3).51  The scattering vector is 0kkG −=
r
 where 0k is the 
incident beam vector and k  is the scattered beam vector. The magnitude of the 
incident vector 0k  and the scattered beam vector k  are both λπ /2 . A sphere with 
radius λπ /2  is called the Ewald sphere, which can therefore define all possible 
incident and scattered beam vectors. The origin of the reciprocal lattice lies in the 
transmitted beam, at the edge of the Ewald sphere. Diffraction occurs only when the 
Bragg equation is satisfied. This condition occurs whenever a reciprocal lattice point 
lies exactly on the Ewald sphere. It is summarized in the following: 
• The scale of reciprocal space is reciprocal length. 
• All directions in reciprocal space are the same as in the real space. The 
relationship between a reciprocal lattice vector and the plane of the real space 
lattice is (a) the direction of the reciprocal lattice vector is normal to the 
corresponding (hkl) planes in real space, and (b) the magnitude of the vector is 
the inverse of the interplannar spacing in the real space. 










It is convenient to show the accessible and forbidden area with the specific 
configuration, such as the materials and x-ray wavelength.  For instance, Figure 2.452 
shows the accessible area for a Cu single crystal with a (111) surface plane with Cu 
Kα radiation. The large semicircle contains all the points that are cut by the Ewald 
sphere, as the incident beam is rotated 180° from just grazing the surface in one 
direction. The two small semicircles (hatched area in Fig. 2.4) are forbidden areas 
that contain points that cannot be accessed by XRD. The area between the large 
semicircle and two small semicircles is an accessible area that indicates all the lattice 
points in this area can be measured by XRD except structure extinction, which is the 
Figure 2.3. The Ewald sphere construction in reciprocal space. 
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2.2.3 Powder diffraction 
In powder diffraction, a diffracted beam ensues whenever a reciprocal lattice 
point cuts the Ewald sphere as shown in Figure 2.5.51 
Figure 2.4. The accessible area (allowed reflections) shown in reciprocal 
space for a Cu single crystal with (111) surface using Cu Kα radiation, 
incident beam in (-1,1,0) plane. (Adapted from G. M. Chow, 2003, Ref.52).



















2.2.4 Mosaic distribution 
In polycrystalline material, there is a kind of crystal imperfection known as 





Figure 2.5. The powder diffraction experiment. (a) Reciprocal space 
notation. The Ewald sphere (dash line) is fixed, and the lattice is rotated 
all angels about the origin. Only the rotation about [100] is shown in this 
two-dimensional section. Intersections with Ewald sphere define the 
diffracting conditions. The dashed arrow indicates the moment transfer. 
(b) The corresponding diffracted beams in real space. (Adapted from D. 
K. Bowen and B. K. Tanner, 1998, Ref. 51). 
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that in a single crystal which are arranged on a perfect lattice extending from one side 
of the crystal to other. The lattice in a mosaic structure is broken up into a number of 
tiny blocks (Fig. 2.6).  The mosaic distribution can be measured by the rocking 






In CoCrPt/Ti polycrystalline films, the width of the rocking curve of (002) 
reflection indicates the degree of preferred orientation of (002) easy axis.  
 
2.3 Extended x-ray absorption fine structure  
 
2.3.1 Introduction to x-ray absorption fine structure 
         X-ray absorption fine structure is a general terminology for EXAFS 
spectroscopy and x-ray absorption near edge structure (XANES) techniques.53 In 
general, EXAFS refers to the sinusoidal oscillations observed over a wide energy 
range extending ~1000 eV above the absorption edge, while XANES refers to fine 
structures around an absorption edge extending typically ~30 eV.  X-ray absorption 
spectroscopy (XAS) provides a means of studying the unoccupied states and the local 
structure around an excited species of atom.  
Figure 2.6.  The mosaic structure of a real crystal. (Adapted from B. 
D. Cullity, 1978, Ref. 50). 
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EXAFS is used to determine the local atomic structure from the oscillatory 
portion of the x-ray cross section of a material. The physical process measured in the 
EXAFS experiment is the promotion by an incident photon of a deep core electron 
belonging to some atom in the materials into a state above the Fermi level of the 
material. Because each element has a different set of electron binding energies, the 
absorption cross section due to a particular element within the material can be probed 
by tuning the x-ray source to an absorption energy associated with that element. By 
measuring the cross-section above a binding energy associated with a particular 
element, the local configurational environment about each atom can be determined.  
 
2.3.2 Origin of EXAFS 
The underlying physics of the processes that occur to produce EXAFS can be 
understood as follows. X-ray absorption spectra are generally produced in the range 
of 200 - 35000 eV. In this energy range the main process for x-ray absorption is that 
whereby the photon is completely absorbed and ejects a core photoelectron from the 
absorbing atom leaving behind a core hole. This excited atom with a core hole may 
produce further excitations, but in the simple picture this probability is ignored. 
EXAFS is an interference phenomenon of photoelectrons that occurs between the 
outgoing waves and the backscattered waves.  Considering   the wave   nature   of the 
ejected photoelectron and regarding the atoms as point scatterers a simple picture can 
be seen in which the backscattered waves interfere with the forward wave to produce 
either   peaks   or   troughs (Fig. 2.7).  This   leads   to   the oscillatory nature of the 
interference effect. The backscattering amplitude and phase are dependent on the type 
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of atom participating in the backscattering process and its distance from the central 
atom. As a result, the information regarding the coordination environment of the 














2.3.3 Theory of EXAFS and SRO 
The basics of the EXAFS phenomena are simple. Atoms (and molecules) can 
absorb x-ray radiation, as primarily governed by the photoelectric effect.54 
Absorption is continuous across the photon energy spectrum, except where the energy 
of the photon is near the energy of the bound core electrons in the atom. At these 
energies, the energy of the photon is used to generate a photoelectron. These cause 
Figure 2.7. A schematic diagram of the radial portion of the 
photoelectron wave (solid lines) being backscattered by the 
neighboring atoms (dotted lines). The photoelectron will be ejected 
with energy equal to the energy of the incoming photon less its 
binding energy, when in the core. This photoelectron will interact 
with the surrounding atoms.  
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discontinuities in the absorption spectra, and are referred to as absorption edges. The 
high-energy side of these edges, extending from about 40 to 1000 eV from the edge 
(in photon energy), is referred to as the extended region.  
The presence of these photoelectrons in the material has an effect on the 
overall absorption of x-rays. As the photoelectron waves propagate through the 
material, the various waves will interfere with one another. Positive interference 
causes an increase in the overall wave function. Negative interference causes a 
decrease in the overall wave function. The type of interference is determined by the 
distance between nearest neighbors. By changing the x-ray energy, the wavelength of 
the wave function is modified. The net effect is to cause variations, positive and 
negative, in the absorption in the region.  
The following formula (Eq. 2-2) is the single electron single-scattering 
EXAFS formula.54 It can be modified for the specific analysis needed,      








0 σφφλχ       (2-2) 
where k is the wave number in units of Å-1. cφ  is the total central atom phase shift;  
Feff is the effective curved-wave backscattering amplitude in the EXAFS formula for 
each shell. effφ  is the phase shift for each shell, R is the distance to central atom for 
each shell, N is the mean number atoms in each shell, σ2 is the mean square 
fluctuation in R for each shell, and λ is the mean free path in Å, respectively. 
 A typical EXAFS spectrum is shown in Figure 2.8. It is a plot of the input 
absorption versus the energy of the incident photon energy. Before starting the data 
analysis, all background and other absorbing factors must be removed from the 
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signal, and the signal should be normalized on a per-atom basis.54 For interatomic 
distances, the Fourier transform of an EXAFS plot must be taken. For example, the 
Fourier transform spectrum for the Co foil standard (Fig.2.8) is shown in Figure 2.9. 
The coordination number and radial distance can be obtained by data fitting analysis 
of the FT amplitude. 
 


















Figure 2.8. EXAFS spectrum of Co foil Standard. 
(Data were taken from 3C1, Pohang Light Source). 
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The SRO characterizes the radial atomic distribution, such as the fluctuations 
of atomic concentrations in various coordination spheres.55 In contrast with LRO, it is 
very important to consider the SRO in the CoCr-based system due to the Co and Cr 
phase segregation. The structure of a solid solution, i.e., the mutual arrangement of 
atoms of different species on crystal lattice site, could be described by short-range 
order parameters. EXAFS spectroscopy is one of the powerful methods to study the 
local atomic environment.  
In contrast to diffraction techniques, which give the atomic coordinates as a 
macroscopic average, EXAFS provides the information on a local structure, for 
example, the radial distribution and electronic states around a particular species of 
atom. The uniqueness of EXAFS is attributed to its physical origin, the interference 
of outgoing and scattered photoelectron waves from the central atom. Such 
Figure 2.9. Fourier transform amplitude of Co foil standard. 
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interference does not require a long-range order and reflects a partial radial 
distribution around an excited atom, extending to several Å because of the rather 
short mean free path of ejected photoelectrons. EXAFS is complementary to 
crystallography or scattering techniques, which provide the average or macroscopic 
structure with long-range order. On decreasing the LRO quality of the atom species 
of interest, or increasing the number of constituent atoms, the uniqueness of EXAFS 
as a local structure probe becomes particularly evident. For a structurally disordered 
system, the correlation between atoms could be described by a radial distribution 
function for elements. For a disordered system consisting of more than two elements, 
it is necessary to separate partial radial distribution functions from either an isomer 
effect in neutron diffraction or an anomalous scattering effect in XRD.53 
The Winxas97 software56was employed for EXAFS data analysis in this 
study.  
 
2.4 Anomalous x-ray scattering 
 
2.4.1 Introduction to AXS 
The x-ray powder diffraction technique is a well-established and widely used 
method for both qualitative and quantitative analysis of various substances in a 
variety of states.50 Yet in a multi-component mixture with a relatively complicated 
chemical composition, the identification of the individual chemical constituents 
cannot be obtained by the conventional x-ray powder diffraction method. There are 
also generally insufficient differences in the x-ray diffraction peak intensities for two 
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elements of nearly the same atomic number in the periodic table. For example, it has 
been recently shown in an AXS study of nanostructured Ni-Co films that the 
appearance of a single XRD peak alone is not enough to determine if a solid solution 
has formed.41 
The use of the AXS method at energies near the absorption edge of the M 
component is undoubtedly a way to overcome the experimental difficulties, by 
making available sufficient atomic sensitivity arising from the so-called “anomalous 
dispersion effect” near the absorption edge or by providing an appreciable difference 
in the crystallographic structure factors.50 This applies even for two elements of close 
atomic numbers in the periodic table, such as Co and Ni. The advantage of the AXS 
method in the structural analysis of crystalline materials has been suggested in the 
past, but the AXS results were still limited to a small number of compositions. 
However, a synchrotron x-ray source has allowed better characterization and has 
dramatically improved the quality of the AXS data relative to that obtained with a 
conventional x-ray source. Although the beam-time in a synchrotron facility is scarce, 
the AXS method is of great benefit to the analysis of various crystalline materials. 
 
2.4.2 Origin and theory of AXS57 
Each atom has its own absorption edges for x-rays at certain characteristic 
energies. Such edges represent the threshold excitation energies above which an inner 
electron can be ejected into the continuum states.57 These x-ray absorption 
phenomena include predominantly the excitation of K-shell or L-shell electrons. In 
conventional x-ray diffraction analysis, the energy of incident x-rays is chosen to be 
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away from the absorption edge of the constituent elements, and the energy 
independence is then well accepted for the so-called atomic scattering factor, ( )qf , 
given by simple potential scattering theory.       
On the other hand, when the energy of the incident x-ray beam is close to such 
absorption edges of the constituent elements, ( )qf becomes complex and can be 
expressed in the following form: 
)()()(),( "'0 EifEfqfEqf ++=                        (2-3)  
where q and E are the wave vector and the incident x-ray energy, respectively. The 
first term of Equation 2-3 corresponds to the normal atomic scattering factor given by 
the Fourier transform of the electron density in an atom, for radiation at energy much 
higher than any absorption edge, )(' Ef  and )(" Eif  are the real and imaginary 
components of the so-called anomalous dispersion term. 
Since the spatial distribution of inner electrons is considerably smaller than 
the magnitude of the x-ray wavelength, the q-dependence of the anomalous 
dispersion factors )(' Ef and )(" Ef can be ignored. However, such q-dependence 
may be required for a discussion of )(' Ef , and )(" Ef near the absorption edges of 
M and N series.  
The anomalous dispersion terms of )(' Ef , and )(" Ef  arising from 
anomalous (resonance) scattering depend upon the incident x-ray energy, and their 
variation as a function of energy is illustrated in Figure 2.10 using the K-absorption 
edge of a Co atom as an example. The salient features are as follows: the imaginary 
part of )(" Ef is positive and distinguished only on the higher-energy side of the 
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absorption edge. On the other hand, the real part of )(' Ef  indicates a sharp negative 
peak at the absorption edge, and its width is typically 50 eV at half maximum. As 
easily seen in Figure 2.10, the component )(' Ef exists on either side of the edge, and 
the maximum effect at the energy rapidly reduces and approaches an approximately 
constant level for energies a few hundred eV away from the edge. 
 
 




































2.4.3 AXS measurement geometry 
For data collection, the momentum transfer, defined as 
θsin2kq = ( λπ /2=k ), was fixed to the position of the specified reflection at each 
photon energy and the scattering intensity was monitored as the x-ray energy was 
scanned through the relevant absorption edges, respectively. If an element in question 
Figure. 2.10. The anomalous scattering factor of Co near the Co K-edge. 
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is associated with the Bragg peak, the elemental absorption caused a cusp at its 
absorption edge.  
   As illustrated in Fig 2.3, the scattering vector (momentum transfer) does not 
change during the measurement, but the radius of the Ewald sphere changed with the 
changing of x-ray energy.  Meanwhile, the incident vectors 0k  and k  are also 
changed in order to satisfy the Bragg condition.   
 
2.4.4 Comparisons of EXAFS and AXS 
        EXAFS spectroscopy is used to determine the average local atomic structure 
from the oscillatory portion of the x-ray absorption cross section of a material. The 
physical process measured in the EXAFS experiment is the promotion by an incident 
photon of a deep core electron belonging to some atom in the material into a state 
above the Fermi level of the material. Because each element has a different set of 
electron binding energies, the absorption cross section due to a particular element 
within the material can be probed by tuning the x-ray source to an absorption energy 
associated with that element. By measuring the cross-section above a binding energy 
associated with a particular element, the local configurational environment about 
each such atom can be determined. 
The AXS method can provide information about the local chemical 
environment of a specific element in a specific LRO. Such environmental structure 
information obtained by the AXS method is very similar to the results of EXAFS. 
The AXS method could provide environmental structure information including so-
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called middle-range ordering,57,58 as a function of radial distance, with much higher 
reliability than the EXAFS method.  
By comparison, the EXAFS method is one of the most powerful methods for 
determining the average local atomic structure in near neighbors of various materials. 
However, EXAFS does not differentiate easily between a reduction in the short-
range-order parameter and the degree of disorder unless a considerable amount of 
fundamental structure information is already known about the desired materials.58 
Therefore, it is unrealistic to expect that the EXAFS method alone may provide the 
correct structure information for a completely unknown and complex material. For 
this reason, the AXS data could, at least, supplement the interpretation of the EXAFS 
data and vice versa. 
 
2.4.5 Phase miscibility and AXS 
The x-ray powder diffraction technique is a well-established and widely used 
method for both qualitative and quantitative analysis of various substances in a 
variety of states. Yet in a multi-component nanostructured material, the identification 
of the individual chemical constituents cannot be unequivocally determined by the 
conventional x-ray powder diffraction method.  
As discussed in sections 2.4.2 and 2.4.3, the elemental chemistry with the 
particular LRO in question can be investigated by AXS. In this study, the Co, Cr and 
Pt phase miscibility in the Co (002) peak was investigated by AXS. 
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2.5 Vibrating sample magnetometer and alternating 
gradient force magnetometer  
 
2.5.1 Vibrating sample magnetometer  
The VSM was developed by S. Foner and Van Oosterhart.59 The VSM is one 
of the most commonly used equipment for measuring magnetic characteristics, such 














The sample is mounted at the end of a rigid rod attached to a mechanical 
resonator, which oscillates the sample at a fixed frequency.  The movement of the 
sample in the applied magnetic field alters the magnetic flux through the pick-up 
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coils, which, according to Faraday’s Law of magnetic induction, causes an induction 
voltage in the coils that is proportional to the magnetization of the sample. The in-
plane state corresponds to the sample surface parallel to the direction of the applied 
field, whereas the out-of-plane state corresponds to the sample surface normal to the 
applied field. 
The basic principle of VSM is as follows: A pair of electromagnets applies a 
uniform dc magnetizing field to the sample. The vibrator, which is a nonmagnetic 
rod, vibrates the sample between the coils of the electromagnets and a region of free 
space. According to Faraday’s Law of electromagnetic induction, an ac voltage V(t) 
is produced in the pair of pickup coils. This output voltage is then applied to the lock-
in amplifier and compared with that produced by a standard magnetic sample. The 
output signal, which is proportional to the sample’s magnetic moment, is sent to an 
XY plotter, along with the applied field signal from a field sensor. By controlling the 
electromagnetic field appropriately, any sequence of fields can be applied to the 
sample. In this work, the VSM is used for obtaining the hysteresis loops. 
 
2.5.2 Alternating gradient force magnetometer 
The AGFM has high sensitivity.60 The AGFM has a noise level of 10-8 emu 
compared with 10-6 emu for the VSM. In an AGFM, the sample is mounted on an 
extension rod attached to a piezoelectric element. An alternating gradient field 
produces a periodic force on a sample placed in a DC field of an electromagnet. The 
alternating field gradient exerts an alternating force on the sample proportional to the 
magnitude of the gradient field, the magnetic moment of the sample and the intensity 
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of the applied field. The resulting deflection of the extension is transmitted to the 
piezoelectric sensing element. The output signal from the piezoelectric element is 
synchronously detected at the operating frequency of the gradient field. The signal 
developed by the piezoelectric element is greatly enhanced by operating at or near the 
mechanical resonant frequency of the assembly. A built-in software function 
automatically determines mechanical resonance and sets the appropriate operating 
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Chapter III  
Effects of NiP Seedlayer on CoCrPt/Ti Thin 
Films 
 
As discussed in section 1.1, an additional NiP seedlayer in longitudinal 
recording media has been used to induce small, uniform and isolated magnetic grain. 
The effects of a NiP seedlayer on CoCrPt/Ti perpendicular thin films were 
investigated as outlined in Research Aspect-1. It was found that NiP was effective in 
reducing the grain size and improving the size distribution of grains by enhancing the 
grain isolation of the layers deposited on top of it. Furthermore, a thin layer of NiP 
also improved the magnetic properties.61,62 
 
3.1 Sample preparation and characterizations 
 
        Co74Cr16Pt10 (40 nm)/Ti (10 nm)/NiP (0, 5, 10, 15, 20 nm) thin films were 
deposited on a glass substrate using a four-target dc magnetron sputtering system. 
The base pressure for the deposition was better than 1 x 10-6 Torr. The NiP seedlayer 
was sputtered on the glass substrate before substrate heating was applied and the 
deposition temperature for subsequent layers was 300oC. The Ar gas pressure used 
was 15 mTorr during NiP layer deposition and 7 mTorr for the Ti and CoCrPt layers. 
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The magnetic properties of the thin films were evaluated by VSM and AGFM. The 
surface morphology was studied using AFM and TEM. The grain size and grain size 
distribution was estimated from AFM images and TEM images. The films were 
studied using x-ray scattering at beamline 5C2 at Pohang light source (PLS), South 
Korea.  
 
3.2 Magnetic properties  
 
In magnetic thin films, the magnetic properties were associated with structural 
properties. The hysteresis loops of CoCrPt/Ti/NiP films with various NiP thicknesses 
were measured by AGFM along the in-plane (//) and out-of-plane (⊥) directions of 
the films. Figure 3.1 shows the out-of-plane coercivities (Hc⊥) and in-plane 
coercivities (Hc//) as a function of NiP thickness from 0 to 20 nm. The Hc⊥ of 
CoCrPt/Ti films improved with application of a thin NiP seedlayer (5-10 nm). Further 
increase of NiP thickness resulted in a slight decrease of Hc⊥, whereas the in-plane 
coercivity almost linearly increased with increasing NiP thickness.  
There were no significant changes to the out-of-plane squareness (S⊥) as 
depicted in Figure 3.2.  Similar to the trend of Hc⊥, a thin NiP (5-10 nm) enhanced the 
S⊥ as well, and the in-plane squareness (S//) indicated an increasing trend with 
increasing NiP thickness (Fig. 3.2).  

































































NiP seedlayer thickness (nm)  
 Figure 3.2. Squareness as a function of Ti thickness (a) out-of-plane; (b) in-plane. 
Figure 3.1 Coercivity as a function of Ti thickness (a) out-of-
plane; (b) in-plane. 
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3.3 Structural characterization  
 
The CoCrPt/Ti films with NiP seedlayer were characterized using different 
types of x-ray scans. The integrated intensity from powder scans was used to estimate 
the crystallinity. In addition, the rocking curve measurements were employed to 
evaluate the mosaic distribution of the grains. 
The x-ray powder scans of the samples showed only the textured CoCrPt 
(002) peak without other detected peaks (Fig. 3.3). The lack of a Ti diffraction peak 
suggested that Ti existed in the amorphous state, or the crystal domain size was 
smaller  than   the  detectable   x-ray  coherence  length.  Since  the  thickness  of   the  
                       
























































Figure 3.3. X-ray powder scans with different NiP thicknesses. 
qz is the momentum transfer parallel to the surface normal. 
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Figure 3.5. X-ray χ rocking curves at CoCrPt (002) 
with different NiP thicknesses. 
χ (°) 
Figure 3.4. Integrated intensity of CoCrPt (002) and FWHM as a 
function of NiP thickness. 
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magnetic layer was held constant, the crystallinity of CoCrPt (002), as indicated by 
integrated diffraction intensity of CoCrPt (002) peak, decreased with increasing NiP 
seedlayer thickness (Fig. 3.4), indicating that the NiP seedlayer deteriorated the 
crystallization of CoCrPt magnetic layer. Furthermore, the mosaic distribution, 
obtained from the FWHM (full width at half maximum) of χ rocking curve, increased 
with increasing NiP thickness (Figs. 3.4 and 3.5).   
The magnetic properties are related to structural properties.  Both the higher 
crystallinity and the better grain isolation could contribute to higher coercivity.  
Although the NiP seedlayer decreased crystallinity and preferred CoCrPt (002) 
orientation, a thin NiP still resulted in higher coercivity, indicating that the CoCrPt/Ti 
film with NiP seedlayer should have small and uniform grain size and better isolation.   





















NiP seedlayer thickness (nm)
 Figure 3.6. Crystal domain size as a function of NiP thickness. 
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The increased broadening of powder diffraction peaks (Fig. 3.6) showed that the 
crystal domain size decreased with increasing NiP thickness and was consistent with 
the assumption of smaller grain size.  
 
3.4 Grain size and grain size distribution 
 
As discussed before, small, uniform, and isolated grains are key requirements 
for high-density magnetic recording. In this section, the effects of the NiP seedlayer 
on the CoCrPt grain size and its distribution are addressed. A thin NiP seedlayer not 
only plays the role of decreasing grain size, but also improves grain size distribution. 
  As a thin NiP seedlayer (5-10 nm) has been demonstrated to improve the 
magnetic properties as discussed above, the CoCrPt/Ti film and CoCrPt/Ti/NiP (5nm) 
films were selected to compare the effects of the NiP seedlayer on grain size and 
grain size distribution in this section. 
Sputter deposited NiP thin film (5 nm) was observed to form well isolated and 
uniform small clusters with an average size of approximately 10 nm, as shown by the 
AFM image in Figure 3.7.  It was these isolated small clusters of sputtered 
amorphous NiP that provided a foundation with size limitation for the Ti grain 
growth.  The Ti grains growing on top of the NiP followed its sizes, as can be seen 
from the AFM image in Figure 3.8. The microstructure of the Ti layer (10 nm) also 
showed a better isolation of grains when deposited on top of the NiP seedlayer. The 
“grain-like” structure provides a foundation for the Ti underlayer that was grown on 
top of the NiP layer, thus providing the grain isolation in the Ti underlayer (Fig. 3.9). 
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Figures 3.9 and 3.10 show the comparison of planar view of TEM images for 
CoCrPt/Ti film without and with a NiP seedlayer, respectively. It was observed that 
the grains for the CoCrPt grains without a NiP seedlayer (Fig. 3.9) were larger and 
tightly packed, and no distinct grain boundaries were observed. Furthermore, CoCrPt 
grains with a thin layer of NiP (5 nm) showed some distinct grain boundaries that 
resulted in very well separated magnetic grains of CoCrPt. Obviously, most of the 
Co-alloy grains followed the morphology of the film layers deposited beneath, 
resulting in smaller and better separated grain microstructure. Exceptions were seen 
in certain areas where the CoCrPt grains did not conform to these limitations and 
grew into bigger grains.  
 
    200 nm   200 nm 
Figure 3.7. AFM image for NiP layer.   Figure 3.8. AFM image for Ti/NiP layers. 













 Some of the AFM images showed a rough surface and made it difficult to 
obtain images of the grains. Therefore, the original images were inverted in order to 
make the boundary more recognizable and reveal the grain feature. The AFM and 
inverted AFM images for CoCrPt/Ti films without and with a NiP seedlayer are 
shown in Figs. 3.11a and 11b, respectively. Figures 3.12 and 3.13 compare the grain 
size distribution of the CoCrPt/Ti samples with and without a NiP seedlayer, 
calculated from the AFM images. The sample without a NiP layer showed an average 
grain size of 21 nm with a standard deviation of 3 nm. The sample with a NiP (5 nm) 
seedlayer had a smaller average grain size of 17 nm with a standard deviation of 2 
nm. The grain size estimated from the AFM images might not be so accurate due to 
the limitation in resolution and influence from the surface morphology. However, as 
the sample was prepared with smooth glass substrate, error due to surface roughness 
can be negligible. Therefore the size distribution of grain obtained was valid. The NiP 
50 nm 
Figure 3.9. Planar-view TEM image 
for CoCrPt/Ti.         
50 nm 
Figure 3.10. Planar-view TEM 
image for CoCrPt/Ti/NiP. 
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seedlayer proved to reduce the grain size and improve the size distribution of the 
CoCrPt grain by inducing a better grain separation of the Ti layer and subsequently 














200 nm 200 nm 
200 nm 200 nm 
Figure 3.11. AFM and inverted AFM images for CoCrPt/Ti films with and 
without NiP seedlayer (a) CoCrPt/Ti; (b) CoCrPt/Ti/NiP. 















The effects of a NiP seedlayer on grain size, grain size distribution, 
microstructure and magnetic properties of CoCrPt/Ti film were studied. The NiP 
layer proved to be effective in reducing the grain size and improving the size 
distribution of grain by enhancing the grain isolation of the layers deposited on top of 
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σ = 2.3 nm 
Ave. =16.7 nm 
Figure 3.12. Grain size distribution 
estimated using inverted AFM images 
for media without NiP seedlayer. 
Figure 3.13. Grain size 
distribution estimated using 
inverted AFM images for media 
with 5 nm NiP seedlayer. 




Interface Effects of CoCrPt/Ti Thin Films 
  
Interface roughness can be used to influence the thin film growth. A smooth 
interface contributed to an ordered CoCrPt structure with high magnetocrystalline 
anisotropy, whereas a rough interface resulted in a disordered CoCrPt structure 
associated with isolated CoCrPt grains.63 Ti has been used as an underlayer in CoCr 
media. However, the interface roughness between a Ti underlayer and a CoCrPt 
magnetic layer and their effects on the magnetic properties are yet unclear. In this 
chapter, a study of the correlation of structure of the magnetic layer, and the interface 
of magnetic layer and underlayer with the sputtering pressure and their effects on the 
magnetic properties of sputtered films, is reported. It was found that improved 
magnetic properties resulted from the combined effects of higher crystallinity and 
better texture of CoCrPt (002) film, and higher interface roughness.63  
 
4.1 Sample preparation and characterizations 
  
The Co74Cr16Pt10/Ti films were deposited on glass substrates using dc 
magnetron sputtering. The thicknesses of both the CoCrPt magnetic layer (about 
40±5 nm) and the Ti underlayer (10 nm) were kept constant. Ti and CoCrPt layers 
were sequentially sputtered at 300°C without breaking the vacuum. The base pressure 
was better than 1 x 10 -6 Torr. The Ti underlayer was sputtered using an Ar pressure 
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of 9 mTorr, whereas the magnetic layer was sputtered by varying the Ar pressure 
from 3 to 18 mTorr. The difference in Ar sputtering pressure used in this work 
contributed to the difference in thickness (±5 nm) of the magnetic layer. The 
sputtering power for deposition of the magnetic layer was held constant for various 
sputtering pressures. The films were studied using synchrotron x-ray scattering at 
beamline 5C2 at the Pohang Light Source in South Korea. High-precision 
synchrotron x-ray scattering was performed in order to minimize the measurement 
noise of the thin films. The microstructure and interface were studied using TEM. 
The magnetic measurements were performed using AGFM. The average film 
composition was measured using energy dispersive x-ray spectroscopy.     
 
4.2 Magnetic properties 
 
The results are discussed according to the Ar pressure used for sputtering the 
CoCrPt magnetic layer. The hysteresis loops of these films showed perpendicular 
anisotropy. The saturation magnetization decreased from 460 to 433 emu/cm3 when 
the Ar pressure for the CoCrPt magnetic layer increased from 3 to 7 mTorr. The 
dependence of both out-of plane (⊥) coercivity (Hc) and squareness (S),   and in-plane 
(//) Hc and S on the Ar pressure used for sputtering the CoCrPt magnetic layers is 
shown in Figures 4.1a and 4.1b, respectively. The Hc⊥ and S⊥ generally decreased 
with the increase of the Ar pressure, with the exception that Hc⊥ increased with 
increasing Ar pressure from 3 to 7mTorr (Fig. 4.1a). On the other hand, Hc// showed 
no significant dependence on pressure and the squareness slightly increased with 
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increasing Ar pressure (Fig. 4.1b). This indicated that the out-of-plane magnetic 




















































Figure 4.1 (a) Out-of-plane coercivity and squareness as a 
function of Ar pressure, and (b) in-plane coercivity and 
squareness as a function of Ar pressure. 
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4.3 Structural characterization by XRD 
 
In order to correlate the magnetic properties with the long-range order, x-ray 
θ-2θ scans were performed. The x-ray powder scans showed that these films were 
CoCrPt (002) textured without other detected peaks (Fig. 4.2). The lack of a detected 
Ti diffraction peak suggested that either the thin Ti layer (10 nm) existed in the 
amorphous state, or its crystalline order was smaller than the detectable x-ray 
coherence length. Both the texture of CoCrPt (002) peak (Fig. 4.3 and Fig. 4.4) and 
the integrated diffraction intensity (Fig. 4.2 and Fig. 4.4) decreased with the increase 
of Ar pressure. The deterioration of the crystallinity and texture of the magnetic peak 
resulted in a decrease of magnetocrystalline anisotropy, as expected, and hence the 
observed decrease of Hc⊥ and S⊥ in the films (Fig. 4.1) that were deposited using Ar 
pressure in the range of 7–18 mTorr. The d spacings of CoCrPt (002) and the crystal 
domain size (x-ray coherence length in the direction parallel to the film surface 
normal, as estimated from the specular peak broadening) were similar at about 2.055 
Å and 26 nm, respectively, for the films sputtered under the range of 3–12 mTorr Ar 
pressure. For the magnetic layer sputtered at 18 mTorr, the d spacing slightly 
increased (2.058 Å) and the domain size decreased (16 nm). 
Since the sputtering power for CoCrPt films was held constant at the various 
sputtering Ar pressures, the mean free paths of the sputtered ions would be smaller at 
higher Ar pressure due to more frequent collisions with Ar gas. This would decrease 
the kinetic energy of the sputtered ions, thus lowering their mobility at the interface 
of  the  Ti  underlayer  and  the  CoCrPt  magnetic layer and, consequently, reduce the  
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Figure 4.2 X-ray powder scans as a function of Ar pressure. qz 
is the momentum transfer parallel to the surface normal. 
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Figure 4.3 X-ray χ-rocking curve of the CoCrPt (002) peak 
as a function of Ar pressure. 









































crystallinity and texture of the film. However, the observation of higher Hc⊥ in the 
range of 3–7 mTorr warrants further investigation. The interface between the CoCrPt 







Figure 4.4. The integrated intensity of the powder scan and FWHM of χ
rocking curve of the CoCrPt (002) peak as a function of Ar pressure. 
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4.4 Structural characterization by TEM 
        
Figures 4.5a and 4.5b show the dark-field TEM micrographs of planar CoCrPt 
films sputtered under 3 and 7 mTorr. The films are denoted by the sputtering pressure 
here, i.e., 3 and 7 mTorr, respectively. The in-plane grain size (which is different 
from the above x-ray domain size measured along the surface normal to the film 
plane) and size distribution decreased when the pressure increased from 3 to 7 mTorr. 
Furthermore, the 7 mTorr film also showed more distinct grain boundaries and inter-
column separation compared with the 3 mTorr film, which is consistent with the other 
report.64 This suggested that the grains were better magnetically isolated in the 7 
mTorr film. The dark-field TEM micrographs of the cross-sectional CoCrPt films are 
shown in Figures 4.6a and 4.6b. For the film sputtered at 3 mTorr, the interface 
between the magnetic layer and the Ti underlayer was diffuse, as shown by the bright 
contrast extending from the magnetic layer to the Ti underlayer. The ions sputtered at 
low pressure suffered fewer collisions and impacted the Ti-surface with sufficient 
kinetic energy to mix with the Ti and form a diffuse mixed interfacial region. At the 
higher pressure of 7 mTorr, the lower kinetic energy of the ions reduced their 
mobility and mixing with Ti, thus resulting in deposits on a well defined, abrupt 
interface. The roughness of the Ti surface promoted the growth of a more distinct 
columnar structure (Fig. 4.6b) with small grain size and better isolation (Fig. 4.5b). 
The distinct columnar structure and small and well-isolated CoCrPt grains of the 7 
mTorr film resulted in a decrease of exchange coupling between the magnetic grains. 
The reduced exchange coupling contributed to the higher Hc⊥ (Fig. 4.1). 
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Figure 4.5. Dark-field TEM micrographs of planar CoCrPt films at 
different Ar pressures  (a) 3 mTorr, and (b) 7 mTorr. 






















7 mTorr (b) 
              30 nm 
Figure 4.6. Dark-field TEM micrographs of cross-sectional CoCrPt films at different Ar 
pressures  (a) 3 mTorr, and (b) 7 mTorr. The white double-head arrow indicates the 
extent of the Ti underlayer. 





The effect of interface roughness on crystallographic texture and magnetic 
properties of CoCrPt/Ti magnetic thin films were investigated using x-ray scattering 
and TEM. Improved magnetic properties resulted from the combined effects of the 




















Long-range and Short-range Orders, and Phase 
Miscibility of CoCrPt/Ti Thin Films 
 
  Nanostructured materials may exhibit unique properties as results of interface 
and surface effects.41 Such materials may exist as a solid solution or a composite 
depending on the miscibility of constituent elements. However, the miscibility in a 
nanoscale regime may not necessarily follow the prediction of conventional 
thermodynamics that does not consider the interfacial and surface effects.41 As 
discussed in section 1.3.1.4, it has been commonly but incorrectly accepted that a 
single XRD Bragg peak without detectable elemental separation in these films 
supports the suggestion that compositional segregation does not perturb the 
crystalline order. A conventional phase diagram may not necessarily be applicable in 
predicting the miscibility or phase separation of nanostructured materials, since it 
does not take into consideration the significant contribution of the surface and 
interfaces in these materials.  
 It was recognized that the magnetic properties of the nanostructured CoCrPt 
magnetic thin films were controlled by phase separation of Co and Cr, the alignment 
of the columnar structures, and the mosaic of the texture.65  To date, little is known 
about the Cr and Pt elemental chemistry in the textured (002) Bragg peak and the 
extent of crystallinity in CoCrPt films.  
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 Research Aspect-2 (section 1.3.1.2) and Research Aspect-4 (section 1.3.1.4) 
were addressed in this chapter. This chapter discusses the study of LRO and SRO, 
and phase miscibility of CoCrPt/Ti films using synchrotron x-ray radiation 
techniques, namely, x-ray scattering, EXAFS and AXS. Their correlations with 
magnetic properties are also discussed.  
 
5.1 Sample preparation and characterizations 
 
Co74Cr16Pt10 (30 nm)/Ti (3–70 nm)/NiP (5 nm) films were deposited on glass 
substrates using dc magnetron sputtering. The thickness of both magnetic layer and 
NiP layers were kept constant in this study, whereas the Ti underlayer thickness was 
varied. The NiP seed layer, proven to be effective in reducing the size and size 
distribution of magnetic grains, was sputtered at room temperature with an argon gas 
pressure of 15 mTorr. Ti and CoCrPt were sputtered at 300°C under 7 mTorr argon 
gas pressure without breaking the vacuum. The base pressure was ~1×10–6 Torr. The 
films were studied using synchrotron x-ray scattering and EXAFS spectroscopy at 
beamlines 5C2 and 3C1, respectively, of the Pohang Light Source in South Korea. 
The AXS experiments were performed at the Pacific Northwest Consortium-
Collaborative Access Team (PNC-CAT) beamline of Advanced Photon Source (APS) 
in the US. Magnetic properties were measured using AGFM. The average film 
composition was confirmed using energy dispersive x-ray spectroscopy. 
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5.2 Magnetic properties 
 
The samples are referenced according to the thickness of the Ti underlayer. 
The dependence of both out-of-plane and in-plane coercivity and squareness (± 5%) 
on the Ti underlayer thickness is shown in Figures 5.1 and 5.2, respectively. The in-
plane and out-of-plane hysteresis loops for films with 10 nm and 30 nm Ti underlayer 
are shown in Figs. 5.2 a and 5.2 b, respectively. The Hc⊥ and S⊥  initially increased 
with increasing Ti thickness, and reached a maximum at 30 nm Ti thickness, then 
decreased with further increasing the Ti thickness. On the other hand, the Hc// 
changed slightly, and both the Hc// and S// showed an opposite trend to the results of 
the out-of-plane direction. The values of saturation magnetization of the deposited 
films were about 445 emu/cm3 and consistent with the other report.66 





















Figure 5.1a. Coercivity as a function of Ti thickness. 
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Figure 5.2a. Hysteresis loops of CoCrPt film with 10 nm Ti underlayer 
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Figure 5.1b. Squareness as a function of Ti thickness. 
Chapter V LR and SROs, and phase miscibility of CoCrPt/Ti thin films 
 
 83
Figure 5.2b. Hysteresis loops of CoCrPt film with 30 nm Ti underlayer 


























5.3 Long-range order of CoCrPt films 
 
In order to associate magnetic properties of CoCrPt films (with the same 
thickness) and composition with LRO, conventional x-ray powder diffraction 
measurements were carried out on samples with 10, 30, and 70 nm Ti underlayers by 
varying the momentum transfer qz along the surface normal to reveal the 
crystallographic structure of our films. Figure 5.3 shows that CoCrPt thin films were 
(002) textured without other detected out-of-plane Bragg peaks. The CoCrPt (002) 
crystallinity, indicated by the integrated intensity of CoCrPt (002), followed that of 
Figure 5.4. The mosaic distribution of CoCrPt (002), FWHM, is shown in Figure 5.5.  
The dependence of the crystallinity and (002) texture of the magnetic media 
on the Ti underlayer thickness was consistent with the results of out-of-plane 
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coercivity and squareness. Note that the magnetic film grown on film with 30 nm Ti 
underlayer showed the best structural and magnetic properties as compared to other 
films deposited on a Ti underlayer with a different thickness in this study (Figs. 5.1 
and 5.2). The higher degree of the crystallinity and better texture of the CoCrPt (002) 
peak resulted in an increased out-of-plane magnetocrystalline anisotropy, which gave 
rise to the larger out-of-plane coercivity and squareness. From the broadening of the 
scattering profiles, the out-of-plane crystal size of the magnetic layer can be 
estimated.67 The crystal size varied slightly with the thickness of the Ti underlayer 
(Fig. 5.5). These results indicated unambiguously that the LRO of CoCrPt media 
films, thus corresponding magnetic properties, depended on the Ti underlayer 
thickness. The observation agreed with our previous report.68 
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Figure 5.3. X-ray powder scans of the magnetic films with different 
thickness Ti underlayer, qz is the momentum transfer parallel to the 
surface normal. 
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Figure 5.5. The FWHM of CoCrPt (002) and crystal domain 
size of CoCrPt films. 
Figure 5.4. The integrated intensity of Bragg peaks as a 
function of Ti thickness.  
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In summary, the crystallinity and texture of the CoCrPt magnetic layer 
followed the crystallinity and texture of the Ti underlayer that could be optimized. 
 
5.4 Short-range order of CoCrPt films 
 
To further understand the SRO properties of these thin films, the local atomic 
environments of Co, Cr, and Pt were investigated using EXAFS. CoCrPt films with 
10 and 30 nm Ti underlayers were studied. X-ray absorption spectra at Co K-, Cr K-, 
and Pt LIII-absorption edges of the media films were collected at room temperature 
using fluorescence mode at Pohang Light Source. The EXAFS data analysis followed 
a standard procedure.69,70,71 In specific, a cubic spline fit was used to remove the 
nonoscillatory background. The data were then converted to photoelectron wave 
vector k space to give χ(k). After being multiplied by k2 (Co), k3 (Cr), and k3 (Pt), the 
data were Fourier transformed to real space to obtain radial distribution function by 
choosing a Gaussian window function.  
Figure 5.6 shows the Fourier transform (FT) amplitudes of the Co foil 
standard, and the magnetic films deposited on the 10 and 30 nm Ti underlayers. The 
amplitudes of the first main peak of both magnetic films were similar but lower than 
that of the hcp Co foil. Since EXAFS data of Co consisted of the average of local 
atomic environments of Co at grains and grain boundaries, the local atomic 
environment of Co-rich grain might be actually higher than the coordination number 
obtained. This assumption was investigated by probing the elemental chemistry of Co 
(002) using AXS. 
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Table 5.1. Fit parameters of both the first main peak around a Co absorber, fixing the 
S02=0.778 as in bulk Co, and the main peak around a Cr absorber, fixing the 
S02=0.824 as in bulk Cr.  N, R and σ2 represent coordination number, distance, and 
Debye-Waller factor, respectively. (N=12 for the first shell of Co-foil, and N=8 for 




Co-Co Cr-Cr Samples 
N R (Å) σ2(x10-4 Å2) N R (Å) σ2(x10-4 Å2) 
10 nm Ti 9.8 2.486 65 5.5 2.455 27
30 nm Ti 10.3 2.488 71 4.6 2.492 10
 
The results of fitting of the first main peaks of Co FTs (1.7–2.7 Å) and Cr FTs 
(1.5–2.6 Å) are shown in Table 5.1. It is shown that the Co environment of both films 
did not show significant difference, which agreed with the LRO results of similar 
Figure 5.6. Fourier transformed amplitude of Co EXAFS. 
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(002) d spacing (2.052 Å) observed for both films.  The slightly higher Co 
coordination number (10.3) of CoCrPt films with the 30 nm Ti underlayer compared 
with films with the 10 nm Ti underlayer was consistent with the long range order of 
these films (Figs. 5.3 and 5.4), and also agreed with the magnetic properties (Figs. 5.1 
and 5.2).  
       The Cr EXAFS signal of both films (Fig. 5.7) differed from that of the bcc Cr 
foil standard, and the first main Cr FT peak of the film deposited on the 10 Ti 
underlayer shifted slightly compared to that of the film on the 30 nm Ti underlayer. 
Comparison was also performed using a theoretical hcp Cr standard generated using 
the FEFF5 procedure, and the trends of results of the coordination number and radial 
distance of the two films were similar to that obtained by using the bcc Cr foil 
standard. The shifted peaks in Figure 5.7 indicated that the Cr-Cr distance was shorter 
than that of Cr foil, suggesting that Cr was not in crystalline lattice. The higher 
coordination number of Cr-Cr (Table 5.1) compared with the Cr global concentration 
(16%) indicated that the majority of Cr was segregated to grain boundary, but not in 
the solid solution with Co.  In addition, the degree of Cr segregation as studied by 
AXS will be discussed later.  As a result of reducing the exchange coupling by Cr 
segregation, the Hc⊥ and S⊥ were enhanced (Figs. 5.1 and 5.2).      
The FT amplitudes of Pt indicated that the EXAFS of the CoCrPt film with 
10% Pt was detectable by EXAFS.  Furthermore, since the disorder Pt enhanced the 
magnetocrystalline anisotropy,72 the significantly higher disorder and shifted peak 
(Fig. 5.8) for the magnetic film deposited on the 30 nm Ti as compared to that on the 
10 nm Ti agreed with the magnetic results (Figs. 5.1 and 5.2).   
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Figure 5.7.  Fourier transformed amplitude of Cr EXAFS. 
Figure 5.8.  Fourier transformed amplitude of Pt EXAFS. 
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In summary, the short range order of CoCrPt films show high Co-Co and Cr-
Cr coordination numbers, and a disordered Pt local atomic environment. The high 
Co-Co coordination number suggested that the majority of the grain consisted of only 
cobalt. The high Cr-Cr coordination number indicated that the majority Cr was 
segregated to grain boundaries.   
 
5.5 Phase miscibility of CoCrPt films 
 
The phase miscibility of Co, Cr and Pt at CoCrPt (002) reflection of CoCrPt 
films was investigated by using AXS.  
 
5.5.1 Anomalous x-ray scattering intensity and its measurements 
The scattering intensity is proportional to the squared form factor.73,74 Based 
on the kinematical approximation assuming that the CoCrPt film is a random alloy,  
( ) ( ) ( ) 2Co ,,, ~),( EqfEqfEqfEqI PtPtCrCrCo χχχ ++            (5-1)  
Here, ( )EqI ,  is the scattering intensity; Coχ , Crχ , and Ptχ  are elemental 
concentrations at the specified Bragg reflection, respectively. ),( Eqf Co , ),( Eqf Cr , 
and ),( Eqf Pt  are Co, Cr and Pt atomic form factors. As discussed in section 2.4.2, 
atomic scattering factors are the combination of non-resonant Thomson scattering 
factor 0f  and anomalous scattering factor f∆ composed of a real part and an 
imaginary part. Figure 5.9 shows the real part and imaginary part of Co, Cr and Pt 
anomalous scattering factor. The anomalous form factors change dramatically near 
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the absorption edge. The real and imaginary factors are related through the Kramers 
relation. 

























































Figure 5.9.  The anomalous atomic form factors of Co K-, Cr K- and Pt LIII- 
absorption edges, respectively. (a) imaginary part; (b) real part.  
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If the element in question is associated with the Bragg peak, then elemental 
absorption causes a decrease in the Bragg intensity, and a cusp appears at its 
absorption edge.57 The simulation results of different concentration of CoCrPt 
crystals based on Equation 5-1 are shown in Figure 5.10, which indicated that the 
depth of cusps at absorption edges depended on the concentration of a specific 
element in the reflection. A higher concentration of a specific element in the 
reflection results in a deeper cusp at the relevant absorption edge.  No cusp at the 


































Figure 5.10.  The simulation results of anomalous atomic form factors with 
various elemental concentrations at the crystal.  
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For AXS data collection, a powder scan was first performed to determine the 
position of the CoCrPt (002) reflection (qz=3.1 Å-1) at x-ray energies of 7.459, 5.738, 
and 11.314 keV (below the respective Co-K, Cr-K and Pt-LIII absorption edges). For 
AXS measurements, the momentum transfer was fixed to the position of the (002) 
reflection at each photon energy and the scattering intensity was monitored as the x-
ray energy was scanned through Co K-, Cr K- and Pt LIII -edges, respectively. 
 
5.5.2 Phase miscibility of Cr in CoCrPt films 
As discussed in section 1.2.3, in CoCr-based media films, it is well known 
that compositional inhomogeneities in the CoCr-based medium films are responsible 
for many of the desirable recording characteristics.  The regions between crystalline 
grains are believed to affect strongly the exchange coupling between magnetic grains. 
The completely exchange-decoupled, magnetically isolated grains can be taken as 
single domain particles. Furthermore, if the magnetic grains are surrounded by a thin 
non-magnetic layer of Cr-rich alloy, true isolation would result leading to a 
significant reduction in media noise.   
The segregation of Cr inhomogeneities in sputtered Co-based films has been 
explained as Cr segregation at grain boundaries,43 formation of Co3Cr,44 formation of 
Cr oxide at grain boundaries,46 segregated microstructures, and two-phase 
compositional separation.75,76,77,78 Furthermore, the origin of phase separation has 
been explained as a result of surface diffusion,79 discontinuous precipitation via grain 
boundary diffusion,42 or magnetically induced phase separation.42, 80 
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Cr segregation has been investigated using TEM,75 TEM attached x-ray 
microanalysis,76,81and nanoprobe energy dispersion analyzer.82 However, due to the 
similar atomic numbers and scattering factors and the artifacts caused by the sample 
preparation, the TEM results may not always be reliable without complementary data 
obtained using other methods. Other characterization techniques, such as atom-probe 
field ion microscopy,83 nuclear magnetic resonance,84 and ultrahigh vacuum scanning 
tunneling microscopy,85 have also been employed to study the Co and Cr phase 
separation. Yet, these methods do not yield a direct elemental correlation with the 
specific long-range order of interest. To date, little is known about the chemistry of 
the textured Bragg peak and the extent of crystallinity in CoCrPt films. 
Figure 5.11 shows the AXS spectra of the (002) reflection taken in the vicinity 
of Cr K-absorption edge (5.989 keV) for both films at APS. The lack of a detectable 
cusp at Cr K-absorption edges indicated that a majority of Cr did not associate with 
the CoCrPt (002) but likely segregated to the grain boundaries for both films. These 
results showed some similarity and difference compared to previous reports by 
others.81,82 Both results indicated that Cr segregated at the grain boundaries; however, 
the degrees of Co and Cr segregation were different. Our results showed that no Cr 
existed at the Co (002) peak, suggesting that the Cr almost completely segregated at 
the grain boundaries or as separate grains. However, the EXAFS coordination 
number of Cr was relatively smaller than that of Cr foil, suggesting the Cr segregated 
to grain boundaries. However, Figure 7 in Reference 81 and Figure 3 and Figure 4 in 
Reference 82 indicated that the Co and Cr were only partially segregated, which were 
observed by TEM. Structural information of compositional segregation cannot be 
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obtained using TEM since Co and Cr have similar atomic numbers and scattering 
factors.69 As a result, the characterization methods (TEM vs. XRD) and differences in 
sample preparation (different sputtering systems) could contribute to the different 
degrees of Cr segregation.  The phase miscibility of Cr at CoCrPt films was 
consistent with the SRO of Cr (Fig. 5.7 and Table 5.1) that indicated a relatively high 
coordination number (about 5) for the Cr first shell compared to the Cr global 
composition (16%). The observations of a higher coordination number of Cr and lack 
of an observed cusp at Cr edge in AXS indicated that Cr segregated to the grain 
boundaries. 
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Figure 5.11.   AXS spectra of the (002) peak in the vicinity of Cr K- 
absorption edge.  
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The phase miscibility of Cr at CoCrPt films showed that a majority of Cr did 
not associate with (002) reflection, indicating the Cr almost fully segregated to grain 
boundaries, thus independent of the Ti thickness.  The Cr segregation contributed to 
magnetic grain isolation, resulting in enhanced magnetic properties. The differences 
in magnetic properties (Figs. 5.1 and 5.2) could result from the different LRO of 
these films (Fig. 5.3). The observation of Cr segregation agreed with magnetic 
properties and SRO of both films. 
 
5.5.3 Phase miscibility of Pt in CoCrPt films 
In the CoCrPt magnetic thin films, the Co and Cr phase separation have been 
well established. It was well known that Cr segregated at the grain boundaries, 
playing the role of decreasing exchange coupling and thus improving the magnetic 
properties. However, the phase miscibility of Pt in CoCrPt films is still unknown 
though the Co-Pt binary alloys are well known. 
Co1-x Pt x bulk phase diagram reveals a continuous series of solid solution at 
room temperature as illustrated in phase diagram (Fig. 5.12).86 The two metals are 
mutually miscible and form a homogeneous solid solution over the entire 
composition range.86A disordered fcc phase is stable at high temperature for all x, but 
for x<0.25 this phase transforms martensitically into disordered hcp phase on cooling 
to room temperature.87 For x>0.25, the room temperature phases are typically 
disordered fcc, and the following treatment can result in other transformations of the 
chemical ordering88,89 CoPt, CoPt3, and a partially ordered Co3Pt phase.90,91 However, 
it was also found that Co1-xPtx alloy films were phase separated, thus leading to two 
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dimensional clusters of Co parallel to the film plane and to internal interfaces.92 
Furthermore, it was also reported that a surface-mediated magnetically induced 




In CoCrPt thin films, it was reported that Pt showed no clear segregation by 
using high-resolution TEM.81,82 However, Pt was slightly segregated at the grain 
boundaries (Fig. 7 in Ref. 81 and Fig. 3 and Fig. 4 in Ref. 82). An indication of Pt 
segregation was observed by using high-resolution TEM and nanoprobe x-ray 
chemical analysis.94 Due to the lack of direct experimental evidence, the author (Ref. 
Figure 5.12 Phase diagram of Co-Pt binary alloy phase diagram. 
(Adapted from T. Massalski, 1990, Ref. 29). 
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94) suggested further experimental work to confirm the assumption.  To date, due to 
the experimental limit, the chemistry of Pt at the CoCrPt crystalline reflection is not 
known. In CoCrPt thin films, it is yet unclear whether Pt exists at Co crystalline 
reflections or segregates at the grain boundaries. 
The AXS spectra taken at APS of Pt of both films are depicted in Figure 5.13, 
indicating that no Pt was found at (002) reflection. Therefore Pt most likely also 
segregated at the grain boundaries.  It was the direct evidence of Pt segregation in 
CoCrPt thin films. In order to pursue high precision of the experiments, we used a 
large slit and there was no Pt cusp at Pt energy scan. We also compared a large slit 
with a small slit during the AXS measurements; in either case there was no Pt at the 
(002) reflection. Since the global composition of Pt was 10 at. %, the lack of cusp 
was not due to the detection limit. It was confirmed that no Pt was found at Co (002) 
lattice, indicating that Pt was segregated. The segregation was independent of Ti 
underlayer thickness.   
The driving force for Pt separation is unclear; the possible interpretation of the 
phenomena observed is grain boundary segregation.95,96 The elemental miscibilities 
of grain boundary and grains are different; the solute elements are easier to be trapped 
at grain boundary rather than grains because it is energetically favorable for the solute 
to remain in the grain boundary. In particular, impurity elements often become very 
enriched at the grain boundaries. In the CoCrPt system, it was well known that Cr 
segregated at the grain boundaries.  The grain boundaries have a more open structure 
compared with Co crystalline grains, allowing better accommodation of solute atoms 
(such as Pt) there rather than within the lattice. Since Pt is a relatively big element 
Chapter V LR and SROs, and phase miscibility of CoCrPt/Ti thin films 
 
 99
(atomic radius 1.39 Å and bonding radius 1.3 Å) compared with Co (atomic radius 
1.25 Å and bonding radius 1 .16 Å), Pt would likely segregate to grain boundary due 
to the large size misfit of Co and Pt. The Pt and Cr segregation at grain boundaries 
might play the role of pinning centers to impede domain wall motions, thus 
improving magnetic properties.  
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In summary, contrary to the traditional understanding, we found that Co and 
Pt were phase separated in the CoCrPt thin film. Furthermore, this study has also 
shown the first direct evidence of Pt segregation in these samples using AXS.   
 
Figure 5.13.   AXS spectra of the (002) peak in the vicinity of 
Pt LIII- absorption edge. 
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5.5.4 Phase miscibility of Co in CoCrPt films 
The spectra of AXS at Co-K edge (Fig. 5.14) showed deep cusps as expected, 
which agreed with the long-range order of CoCrPt films (Fig. 5.3). Combining the 
phase miscibility of Cr (Fig. 5.11) and Pt (Fig. 5.13) in CoCrPt films, and the SRO of 
Co (Fig. 5.6 and Table 5.1), it was reasonable to conclude that the CoCrPt (002) 
reflection consisted mainly of Co.  This observation was also consistent with the 
previous NMR observation84 that indicated the Co-enriched component at the CoCr 
film contained mostly Co.  The intensity difference of the two films attributed to the 
difference of the crystallinity of the films (Fig. 5.4).   












Co (002) 30 nm Ti underlayer
















Figure 5.14.   AXS spectra of the (002) peak in the vicinity of Co 
absorption K-edge.  
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Summarizing this section, the elemental chemistry of Co, Cr and Pt at Co 
(002) reflection was investigated using AXS. It was found that the textured Bragg 
peak consisting of mainly Co and Cr was segregated at the grain boundaries. In 
addition, contrary to the traditional understanding, the first direct evidence of Pt not 





 The long-range and short-range orders and phase miscibility of CoCrPt/Ti 
films were investigated with synchrotron x-ray scattering, EXAFS spectroscopy and 
AXS. The crystallinity and texture of the CoCrPt magnetic layer followed the 
crystallinity and the texture of the Ti underlayer. Improved magnetic properties 
resulted from higher crystallinity and better texture of the CoCrPt (002), which was 
enhanced by the increased disorder of Cr and Pt at the grain boundaries. It was found 
that Cr and Pt were segregated from the Co phase at the grain boundaries independent 
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Chapter VI  
Conclusions and Future Work 
 
The research work of this thesis is to obtain desired structural and magnetic 
properties of CoCrPt media film by nanoscale layer engineering approaches in order 
to satisfy the media requirements for high areal density magnetic recording, and to 
gain fundamental understanding of alloying and phase separation of the CoCrPt film 
and their correlations with magnetic properties by investigating the LRO, SRO and 
phase miscibility of CoCrPt /Ti thin films. 
 
6.1 Conclusions  
  
The conclusions of this thesis include two parts.  
 
A:  Nanoscale layer engineering approaches 
The NiP seedlayer was effective in reducing the grain size and improving the 
size distribution of grain by enhancing the grain isolation of the layers deposited on 
top of it. A thin layer of NiP also improved the magnetic properties. 
The enhanced out-of-plane coercivity and squareness resulted from the 
combined effects of higher crystallinity and better texture of the CoCrPt (002) film, 
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and increased interface roughness between CoCrPt and the Ti underlayer that could 
be influenced by sputtering pressure applied. 
 
B:  LRO and SRO and phase miscibility of CoCrPt/Ti films 
The crystallinity and texture of the CoCrPt magnetic layer followed the 
crystallinity and texture of the Ti underlayer that could be optimized. Improved 
magnetic properties resulted from the higher crystallinity and better texture of the 
CoCrPt (002), which was enhanced by the increased disorder of Cr and Pt at the grain 
boundaries. It was found that Cr was segregated from the Co phase at the grain 
boundaries, independent of the Ti underlayer thickness. Direct evidence of Pt not 
being found within the Co lattice was given, suggesting that Pt was located at the 
grain boundaries. 
 
6.2 Future work 
 
 In nanostructured thin films of multiple elements, the formation of a solid 
solution or a composite depending on the miscibility of constituent elements, which 
may not follow the prediction of a conventional phase diagram that does not consider 
the interfacial and surface effects. For example, as discussed in Figure 1.20 and 
Figure 1.21, it has been shown that nanostructured NiCo films did not necessarily 
form a solid solution as expected from their phase diagram or suggested by the results 
of conventional XRD. Co was found in the (111) peak for Ni50Co50 film, but it did not 
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exist in this Bragg peak for Ni90Co10, indicating that Co and Ni was segregated and 
depended on the film composition.41 Another similar study indicated that the phase 
miscibility depended on the processing and other factors.65 The phase miscibility of 
nanostructured multiple elements thin films would depend on the processing, 
composition and other factors. 
 As discussed in section 1.3.1.4, to date, little is known about the alloying and 
phase separation of the CoCrPt ternary thin films system due to the experimental 
limits. Our work of sputtered CoCrPt films demonstrated that the phase miscibility of 
constituent elements depended on the sputtering temperature and pressure. Although 
it is desirable to obtain the ternary CoCrPt phase diagram, however, such diagram 
requires work that is beyond the scope of this research. In this thesis, the LRO, SRO 
and phase miscibility of CoCrPt films with relatively better magnetic properties and 
potential application for perpendicular magnetic recording were investigated. The 
optimization of properties was achieved by varying the experimental conditions (such 
as processing, composition and other factors). A complete future study of the phase 
diagram of the CoCrPt ternary system is suggested. 
In addition, the magnetic contributions of Cr and Pt in CoCrPt media films 
need further studying using state-of-the-art experimental techniques such as x-ray 
magnetic circular dichroism (XMCD). 
 For a magnetic material, XMCD arises due to the difference between the 
absorption of left and right circularly polarized x-rays. In x-ray absorption, the atom 
absorbs a photon, giving rise to the transition of a core electron to an empty state 
above the Fermi level. The absorption cross-sections are large, especially in the soft 
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x-ray range (500-2000 eV). The absorption edges have energies that are characteristic 
for each element and, due to the dipole selection rules, final states with different 
symmetries can be probed by choosing the initial state. By applying the total 
absorption and XMCD spectra, direct values for the orbital and spinning moment of 
the probed atom may be obtained. In this case, the magnetic contributions from Cr 
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